USING MICROHISTOLOGICAL TECHNIQUES TO PREDICT BOTANICAL COMPOSITION OF HORSE DIETS ON COOL-SEASON GRASS PASTURE by Morrison, Jesse Ira
University of Kentucky 
UKnowledge 
University of Kentucky Master's Theses Graduate School 
2008 
USING MICROHISTOLOGICAL TECHNIQUES TO PREDICT 
BOTANICAL COMPOSITION OF HORSE DIETS ON COOL-SEASON 
GRASS PASTURE 
Jesse Ira Morrison 
University of Kentucky, jimorr2@uky.edu 
Right click to open a feedback form in a new tab to let us know how this document benefits you. 
Recommended Citation 
Morrison, Jesse Ira, "USING MICROHISTOLOGICAL TECHNIQUES TO PREDICT BOTANICAL 
COMPOSITION OF HORSE DIETS ON COOL-SEASON GRASS PASTURE" (2008). University of Kentucky 
Master's Theses. 504. 
https://uknowledge.uky.edu/gradschool_theses/504 
This Thesis is brought to you for free and open access by the Graduate School at UKnowledge. It has been accepted 
for inclusion in University of Kentucky Master's Theses by an authorized administrator of UKnowledge. For more 
information, please contact UKnowledge@lsv.uky.edu. 
 
 
 
 
 
 
 
 
ABSTRACT OF THESIS 
 
 
 
USING MICROHISTOLOGICAL TECHNIQUES TO PREDICT BOTANICAL 
COMPOSITION OF HORSE DIETS ON COOL-SEASON GRASS PASTURE 
 
 
 Microhistological analysis is a highly effective microscopic technique of 
determining botanical composition of animal diets by visual recognition of fecal plant 
fragments, and has been widely used in range studies.  The objective of this study was to 
use microhistological techniques to predict the botanical composition of domesticated 
horse diets when grazing mixed cool-season pasture.  Samples of tall fescue [Lolium 
arundinaceum (Schreb.) S.J. Darbyshire], Kentucky bluegrass (Poa pratensis L.) and 
orchardgrass (Dactylis glomerata L.) were evaluated for microscopically unique 
characteristics.  Cool season pasture grazing studies were conducted in October 2006 and 
May 2007 in Lexington, KY.  Eight thoroughbred mares were placed in individual 
paddocks of varying botanical compositions to graze for six days.  For each percent 
increase of tall fescue or orchardgrass in the paddock, there was a corresponding increase 
of 0.44% and 0.42%, respectively, in the diet.  In conclusion, microhistological analysis 
is a useful tool for determining botanical composition of horse diets when grazing cool 
season grass pastures.   
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CHAPTER I 
 
Introduction 
 
 The Bluegrass Region of Central Kentucky is the center of the Thoroughbred 
horse industry in North America.  This region, comprised of fifteen counties centered on 
Lexington, extends north to Southern Ohio, and is bounded to the East and West by the 
Cumberland Plateau and the Pennyroyal Plateau.  The horse industry is Kentucky's top 
agricultural cash crop, with over 1 billion dollars in cash receipts in 2005 for horse sales 
and stud fees (USDA, 2007) and an estimated 4 billion dollars indirect impact on the 
state’s economy (Kentucky Equine Education Project, 2007).  With so many animals in 
the Bluegrass Region, high-quality pasture and efficient utilization is essential for 
producers to remain economically viable.   
 During the three weeks surrounding May 1, 2001, 20 – 30% of Kentucky’s 
pregnant mares suffered abortions.  Overall, an estimated 2,600 foals were lost, at a cost 
of approximately 336 million dollars to the state’s horse producers (AVMA, 2002).  The 
cause of this syndrome, named Mare Reproductive Loss Syndrome (MRLS), was 
strongly associated with the eastern tent caterpillar (Malacosoma americanum) (Webb, et 
al., 2003; Dwyer, et al., 2003; Sebastian et al., 2003; Kronfeld, 2003).  In light of the 
events surrounding MRLS, farm managers and owners have become more aware and 
concerned about their animals’ diet when on pasture.  These concerns have evolved into 
research focused on a healthy diet, and its effects on pregnancy, parturition, and the 
overall well being of the Thoroughbred industry.  
 This research project focuses on diet composition of horses on pasture with a 
specific emphasis on tall fescue.  Tall fescue toxicity in late-term broodmares can be 
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detrimental to both the mare and foal, and is a concern for the horse industry as a whole 
(Hoveland, 1993; Schlafer, 2003; Poppenga, 2003; Schultz, 2003).  In the United States, 
an estimated 700,000 horses are managed on tall fescue (Blodgett, 2001).   Results from a 
pasture evaluation project conducted in 2005 and 2006 showed that the vast majority of 
horse pastures in the Bluegrass Region contain significant amounts of tall fescue (26% of 
total ground cover on average, ranging from 8 to over 43%) with an average endophyte 
infection rate of 69% and ergovaline concentrations ranging from 90 – 790 ppb (Keene et 
al., 2007).  Since tall fescue is endemic to this region and thrives in the transition zone 
climate, it is difficult and costly to eliminate from existing pastures (Zhuang et al., 2005).  
This research will help horse farm owners and managers know what their animals are 
consuming when grazing a mixed-species pasture, and will help them make informed 
decisions when managing pastures containing tall fescue.   
Several techniques are available to evaluate diet composition of animals grazing 
pasture. One non-invasive technique is microhistological analysis, which has been proven 
as an effective way to determine diet in both domesticated and wild animals.  This 
method of determining diet composition is based on microscopic recognition of generally 
unique and identifiable undigested cellular structures from the cuticle layer of the plant 
leaf.  These identifiable structures will include: stomata and their density patterns, cuticle 
size and cell wall construction, shape and thickness (Aiken, 1989; Sparks and Malechek, 
1968).  Collection and subsequent analysis of fecal or rumen material can provide 
detailed information about herbivore diet choices.  At the present time, there are 
references in scientific literature of microhistological analysis being used to determine 
diet composition of feral horses (Hansen et al., 1977; Olsen et al., 1977), but none have 
 2
 
been found concerning domesticated horses.  There are also limited references on the use 
of microhistological analysis focusing on any class of livestock grazing cool-season 
pasture.   
The Micro Composition Laboratory (http://home.earthlink.net/~microhistology-
/index.html) is a commercial lab located in Ft. Collins, Colorado, that offers MA services, 
and is capable of evaluating caribou, elk, deer, coyote, goat and other feces for 
composition percentages.  Several Universities nationwide, including New Mexico, 
Louisiana State, Mississippi and Colorado State conduct microhistological laboratory 
research, but most do not provide a service to the public.   
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Objectives 
 
 
 The microhistological technique has potential as a tool for accurately determining 
the diet composition of domesticated horses when grazing cool-season grass pasture.  
There has been extensive research to validate the procedure for use with a variety of 
animal species in varying climates and ecosystems; but the technique needs to be 
validated for domesticated horses as well as cool-season grass pasture.  Therefore, a 
series of experiments were conducted to determine: 1) The validity of microhistological 
analysis for estimating botanical composition of horse diets, 2) the percentage of tall 
fescue consumed by horses grazing mixed pastures, 3) the effect of tall fescue percentage 
in pasture on equine grazing patterns and diet composition.   
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CHAPTER II 
Literature Review 
Microhistological Analysis 
 
Description and History 
 
 Various analytical procedures exist for determining the composition of diet 
samples; Havstad and Donart (1978) have generalized them as visual appraisal, manual 
separation, microhistological techniques and microscope point techniques.  Of these 
procedures, the microhistological techniques have become the preferred method (Havstad 
and Donart, 1978).  When using microhistological techniques, three central assumptions 
are made (Havstad and Donart, 1978; Sparks and Malechek, 1968; Fracker and Brischle, 
1944).  The first is that the fragments of plants are randomly distributed on microscope 
slides.  The second assumption is that percent frequency can accurately estimate particle 
density (particles of different species are the same size), which means that the percent 
frequency of a species in a sample is directly related to that species particle density in the 
sample.  This measurement directly predicts dry weight percent composition of the 
sample.  The third assumption is that ratios of identifiable to non-identifiable particles 
within a species are equal to one; meaning that every species is just as identifiable as 
another.  This assumption is often unsatisfied in studies focusing on several different 
species at different stages of maturity (Havstad and Donart, 1978).   
 The scientific technique of microhistological analysis has been widely used since 
1939, when Martin implemented the practice to identify plants in herbivore diets using 
micro-anatomical features (Johnson et al., 1983).  The analysis technique involves 
collection of diet samples, which can be from esophageal or rumen fistulated animals, 
intestinal digesta of dead animals, or fecal samples.  Fresh samples provide the most 
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accurate results; however, fossilized fecal samples dated at over 10,000 years old have 
been used to determine animal diets (Hansen, 1978). 
 Samples are normally collected and immediately frozen or dried, to avoid further 
decomposition.  Dried samples are ground to an even consistency to ensure uniformity 
among sample components, regardless of level of digestion.  Samples are then cleared of 
pigments for slide plating and viewing using Hertwig’s clearing solution (Baumgartner 
and Martin, 1939; Todd and Hansen 1973), and affixed to slides using Hoyer’s mounting 
medium (Baker and Wharten, 1952; Sparks and Malechek, 1968).  Vavra and Holechek 
(1980) cautioned that in-vitro digestion of samples should be avoided, due to the high 
digestibility of some diet components and the likelihood of over or underestimation of 
components after digestion.  They also suggested that preparation by grinding and 
clearing pigments with an alkaline sodium solution will achieve the greatest accuracy 
when evaluating diets high in grass and grass-like plants. 
 Vegetative fragments in samples are identified by comparison with reference 
slides, microscopic photography, or hand-drawn references.  Distinguishing between 
grass species is somewhat difficult, but leaf blade fragments usually provide identifiable 
cell surface structures in the cuticle layer for differentiation (Johnson et al., 1983).   
 
Practical Uses 
 
 Microhistological analysis is most commonly used in wildlife and range studies to 
determine diet composition by identifying plant tissues and recording frequency counts of 
fragments in sample feces (Aiken, 1989).  Holechek and Gross (1982b) provided a 
comprehensive review of the microhistological technique. The accuracy of the 
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microhistological technique was demonstrated by Sparks and Malechek (1968), and 
Vavra and Holechek (1980).   
 Microhistological analysis has been utilized to determine diet botanical 
composition of many families of mammals, including cervids (deer, elk and moose) 
(O’Bryan, 1983; Kirchhoff and Larsen, 1998), leporids (rabbits and hares) (Adams et al., 
1962; Sparks, 1968), and equids (wild horses) (Hansen et al., 1977; Olsen and Hansen, 
1977).  Other animal species commonly associated with microhistological research 
include: cattle, bison, wolf, coyote, fox, caribou, mountain goat, bat, and prairie dog.   
 Historically, it has been found that this technique has provided an accurate and 
precise method to qualify herbaceous plant intake and species composition (Vavra et 
al.,1978; Aiken 1989).  More recent studies have confirmed that with proper sampling 
and adequate technician training, actual diet composition and estimated diet composition 
using microhistological analysis can approach a ratio of 1:1 (Paola et al., 2005).   
 Correction factors, when needed, are used to negate biases in sample evaluation 
(Anthony and Smith, 1974).  Bias refers to trends in diet evaluation that lead to consistent 
over or underestimation of particular diet components (Tafoya et al., 2001).  Biases can 
occur from several factors, including: poor training (Holechek and Gross, 1982a), sample 
preparation (Vavra and Holechek, 1980), small sample size (Anthony and Smith, 1974), 
differential digestion of diet components (Holechek et al., 1982), and level of 
magnification (Holechek and Valdez, 1985).   
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Tall Fescue 
 
Description 
 
 Tall fescue [Lolium arundinaceum (Schreb.) S.J. Darbyshire] is a hearty, long-
lived cool-season perennial grass grown on more than 15 million hectares in the United 
States for livestock feed, turfgrass, and for soil conservation.  Tall fescue is predominant 
in the humid transition zone of the mid Atlantic and east of the Great Plains between 32° 
and 40° north latitude (Moore, 2003).  Tall fescue is described as a deep rooted, weakly 
rhizomatous bunch type grass with dark green leaves, heavy veination, and rough leaf 
edges (Ball et al., 2002).  Tall fescue is widely adapted and grows to a height of 60 to 120 
centimeters with a mostly compressed panicle (Ball et al., 2002).   
 
History 
 
 Tall fescue is native to Europe and was most likely introduced in the United 
States before 1800 A.D. (Kennedy, 1900) as a contaminant in meadow fescue (Festuca 
pratensis) seed (Vinall, 1909).  Tall fescue is now the most widely grown cool-season 
perennial grass in the United States with superior cold and heat tolerance, drought 
tolerance, and higher dry matter (DM) production in comparison to meadow fescue.  In 
Kentucky, tall fescue occupies over 2.5 million hectares (Hoveland, 2007).  The most 
widely used commercially available tall fescue cultivar in the United States, “Kentucky 
31”, was discovered by Dr. E. N. Fergus, an agronomist from the University of Kentucky.  
Dr. Fergus found the parental plants for this cultivar of tall fescue in 1931 growing on a 
hillside pasture owned by Mr. W.M. Suiter, in Menifee County, Kentucky.  Kentucky 31 
was released for sale in 1943, followed soon by “Alta”, an ecotype of tall fescue 
discovered in Pullman, Washington (Hoveland, 2007).   
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Growth and Development 
 
 As a cool-season grass, tall fescue produces the most growth in the spring (the 
first third of the growing season).  Growth usually slows during the summer months of 
June through August, mediated by available moisture, temperature, grazing system and 
harvest management.  Vigorous growth typically resumes in the fall, depending upon 
temperature, moisture, and proper fertilization (mainly nitrogen) (Moore, 2003).  In 
central Kentucky, annual yields of 4,000 to 8,000 kg ha-1 are not uncommon, with higher 
yields attainable under ideal management and moisture.  Tall fescue is most commonly 
used for pasture grazing, hay, turf, and erosion control (Ball et al, 2002).   
 
Tall Fescue Endophyte and Horses 
 
 Tall fescue often contains an endophytic fungus (Neotyphodium coenophialum), 
which has no reproductive structures, but propagates through seed transmission 
(Kallenbach et al., 2003).  This fungus, present in more than 85 percent of Kentucky’s 
tall fescue pastures and hay fields (Lacefield et al., 2003), has been associated with 
specific animal health problems referred to as tall fescue toxicosis (Kallenbach et al., 
2003).  Tall fescue plants that are infected with this fungus produce alkaloids that cause 
symptoms of toxicosis (Paterson et al., 1995).  The three primary classes of these 
alkaloids include: ergot (ergopeptides), pyrrolizidine (lolines), and pyrrolopyrazine 
(peramine) alkaloids (Schultz and Bush, 2003).  Yates and Powell (1988) isolated ergot 
peptide alkaloids as toxic factors, which were later found most likely responsible for 
toxicosis in cattle (Lyons et al., 1986). Ergovaline, which is found with greater regularity 
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than other ergopeptides in endophyte-infected tall fescue, has been used as an effective 
indicator of alkaloid content (Rottinghaus et al., 1991). 
 In cattle, fescue toxicosis symptoms include reduced conception rates, lower milk 
production, intolerance to heat, decreased forage intake, and decreased average daily gain 
(Hoveland, 1993).  Mares grazing endophyte-infected tall fescue during their last 
trimester show an increased incidence of abortion, prolonged gestation, dystocia, 
thickened placenta (redbag syndrome), post-partum foal death, retained placenta, 
agalactia and mare mortality (Roberts and Andrae, 2004).  Putnam et al. (1991) reported 
that a group of 11 pregnant mares grazing endophyte-free tall fescue pastures (Group A) 
showed no signs of dystocia at parturition, while an equivalent group grazing toxic 
endophyte-infected (average 0.39 μg ergovaline g-1 DM) pastures (Group B) showed 
obvious signs of dystocia in 10 cases.  Group B mares also exhibited a gestation period 
20 days longer than Group A, and only produced three healthy foals.  All 11 Group A 
mares showed normal udder development and lactation before and after parturition, while 
10 Group B mares showed no evidence of udder development or lactation at time of birth. 
 Several options are available for horse owners that want to limit their animals’ 
access to toxic endophyte-infected tall fescue, including seeding new stands of nontoxic 
endophyte-infected and endophyte-free cultivars.  While these are beneficial options for 
managing the risk of fescue toxicosis, it is also important to understand the actual grazing 
patterns of horses on pastures containing tall fescue.  In mixed cool-season grass 
pastures, it is not known if horses will selectively graze tall fescue, or in what proportion 
to other species it will be consumed.   
 
 10
 
Endophyte-free and Novel-Endophyte Tall Fescue 
 
 After the endophyte was discovered in tall fescue in the late 1970’s, researchers 
began to investigate ways to remove the fungus.  A number of endophyte-free cultivars 
were developed in the 1980's and 90’s, but they had less persistence than endophyte-
infected cultivars.  Scientists have now developed cultivars of tall fescue that are infected 
with fungal endophytes that do not produce ergot alkaloids, and therefore do not harm 
livestock when grazed (Cross, 1997).  Dr. Gary Latch and coworkers at Agriculture 
Research in New Zealand identified and selected the first nontoxic endophytes (Latch, 
1997).  The strain AR542, was inserted into a cultivar of endophyte-free tall fescue called 
“Jesup”, bred by Dr. Joe Bouton at the University of Georgia.  This combination of Jesup 
endophyte-free tall fescue and the non-toxic AR542 endophyte is now being marketed as 
“Jesup MaxQ” novel endophyte tall fescue.   
  
Bluegrass 
 
Description 
 
 Kentucky bluegrass (Poa pratensis L.) is a cool-season perennial grass that is best 
adapted to survive in areas where the mean air temperature is below 65° F (Ball et al., 
2002).  Kentucky bluegrass is a long lived, dense, dark green sod grass with good pasture 
qualities, such as high palatability and digestibility (Wennerberg, 2002).  As a pasture 
grass, bluegrass produces relatively lower yields than other cool-season grasses, but 
tolerates grazing well.  It is of limited use as a hay crop because of slow regenerative 
growth and intolerance of heat stress.   
Kentucky bluegrass is an herbaceous perennial plant, growing from 30 to 70 cm 
tall, occasionally reaching 90 cm.  Kentucky bluegrass leaves are narrow (3 to 5 mm 
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wide), folded or flat, sometimes bristled, and with the basal sheath flattened or sometimes 
thickened.  Leaves also have a blunt or hooded apex (boat shaped tip), and a rounded to 
truncate, membranous ligule.  The leaves are up to 20-cm long and are smooth or slightly 
roughened.  The flower panicle is 10 to 20 cm long and conic; the spikelets are green and 
ovular, 3 to 6 mm long, with 2 to 5 flowers (Moore, 2003). 
 
History 
 
 Poa is a genus of about 500 species of grasses, native to the temperate regions of 
both hemispheres. The genus includes both annual and perennial species.  Common 
names include meadow-grass (mainly Europe and Asia), bluegrass (mainly North 
America), tussock (New Zealand species), and speargrass.  Many of the species are 
important pasture plants, used extensively for grazing livestock. Kentucky bluegrass is 
one of the most extensively used cool-season sod grasses in the United States, used in 
lawns, sports fields, grazing lands and golf courses (Archer, 1953). 
 
Growth and Development 
 
As a less dominant cool-season grass, Kentucky bluegrass is best adapted to areas 
with cool, humid climates where moisture is adequate.  In the west, it is favored on north 
facing slopes in higher elevations and frequently thrives in aspen, ponderosa pine and 
sagebrush habitats.  The active growth of Kentucky bluegrass begins in late winter / early 
spring and continues through fall.  Although bluegrass is practically dormant during 
excessively dry, hot summers, cool fall temperatures promote growth when other species 
are senescing (Archer, 1953).  Because of its high need for nitrogen during active growth 
stages, Kentucky bluegrass performs best in well drained clay-loams of limestone origin, 
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with a soil pH between 5.8 and 8.2.  Kentucky bluegrass is intolerant of drought, 
excessive flooding and poorly drained soils.  Kentucky bluegrass is also susceptible to 
fungal infections such as fusarium blight, leaf spot, rust and powdery mildew (Moore, 
2003). 
 
Orchardgrass 
 
Description 
 
 Orchardgrass (Dactylis glomerata L.), is a cool-season perennial grass native to 
Europe.  Orchardgrass is best suited to warm, temperate climates with adequate moisture.  
Orchardgrass is a desirable pasture and hay grass because of its high digestibility and 
palatability (Ball et al., 2002).  Stems are erect, 20 to 120 cm high, and compressed at the 
base. Blades are folded when young, large, quite stiff, long, and hulled at the top. The 
ligule is very large, irregular, and white. The inflorescence is a stiff panicle, with basal 
branches. Spikelets 3 to 6 are flowered, 5 to 6 mm long, in compact clusters (Moore, 
2003). 
 
Growth and Development 
 
 Orchardgrass shows optimum growth in well drained to dry soils, and can grow 
on slopes or in shallow, very dry soils. Although orchardgrass can grow on rather poor 
soils, it is much more productive in well drained, rich, slightly acid to alkaline soil.  
Orchardgrass is not tolerant to flooding or water logged soils and is prone to leaf 
diseases, such as rust and leaf spot under conditions of excessive humidity.  Orchardgrass 
produces best in areas with little spring frost.  Its strong root system can expand to cover 
 13
 
a large volume of soil and, therefore has the ability to absorb more nutrients than other 
species in the same community (Archer, 1953).   
 Orchardgrass requires little management during the growing season, but more 
intensive management than tall fescue because of higher fertility needs (Ball et al., 2002).  
Orchardgrass responds well to fertilizer treatments, especially nitrogen, and is regularly 
mixed with adapted legumes in hay and pasture mixes (Archer and Bunch, 1953).  
Periodically, orchardgrass should be reseeded or allowed to mature and produce seed for 
the continuation of the stand (Moore, 2003). 
 
Point Quadrat Pasture Sampling Technique 
 
General Description 
 
 The point quadrat sampling method involves the use of a sighting device or frame 
with a number of pins or intercept points to estimate cover (Image 1).  It can be used to 
measure cover of individual species, total cover, and species composition by cover.  
Although this method is normally conducted in the field, photographs of the sampled area 
are useful for follow up evaluations (USDA, 1999).   
 
Advantages and Limitations 
 
 Between sighting devices and pin/point frames, optical sighting is preferred and is 
the best method of determining basal ground cover and dominant species cover (USDA, 
1999).  Point intercept measurements are much more precise than using open quadrats, 
and when measuring herbaceous vegetation, point intercept analysis is much more 
efficient than line intercept techniques (Floyd and Anderson, 1987).   
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 Although there are few limitations involved with point intercept analysis, several 
factors should be considered.  An adequate number of points (25 to 100) are required per 
sample area to increase sensitivity to minor species in a plant community.  Frame devices 
often overestimate the amount of cover by large, clumpy plants because the large crown 
is often intercepted by several points in a frame.  Use of a point quadrat device (using a 
grid of crossing strings) is more accurate than using a pin frame device, because of the 
finite diameter of the pins in these devices (USDA, 1999; Tothill and Peterson, 1962).   
 
 
 
Image 1.  View from above of wire     Image 2.  View from above of open 
quadrat used for point quadrat analysis   quadrat used for visual estimation of  
of ground cover.         ground cover. 
 
Visual Estimation Pasture Sampling Technique 
General Description 
 The visual estimation pasture sampling technique involves the use of a frame, 
similar to the point quadrat technique.  This technique, however, utilizes an open quadrat; 
one free of crossing wires, pins or other sighting devices (Image 2).  This technique is 
used to measure percent cover of individual species, total cover, and species composition 
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by cover.  While this measurement technique is very subjective, it can be quite accurate 
when done by a well trained observer (USDA, 1999).     
 Digital photography is often used with this measurement technique, where 
photographs of quadrats are taken in the field and evaluated later.  While this method 
reduces time spent in the field, overall it is more time consuming, labor intensive and less 
accurate than performing the evaluation in the field, due to the need for close physical 
inspection of plant morphological characteristics for accurate identification (Richardson 
et al., 2001).  
 
Advantages and Limitations 
 While visual estimation is not as accurate as point quadrat measurement, it 
becomes a reliable measurement technique when an adequate number of measurements 
(10 or more per sample area) are taken (Sykes et al., 1983).  While limited because of a 
lack of accuracy, visual estimation is useful in detecting measurable components when 
present in small amounts.  When measurable components are very sparse, they can often 
be missed by a technique such as point quadrat or line intercept.  This increased 
sensitivity to lesser vegetative components makes visual estimation a valid pasture 
measurement technique (USDA, 1999). 
 
Botanical Separation Technique 
General Description 
 Hand separation is intended to provide measurements of both species composition 
and vegetative mass available per unit area.  Botanical separation involves the use of 
open quadrats or frames, where each area is manually or mechanically harvested to a 
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constant height (usually 1 to 3” above the soil surface to simulate grazing).  Harvested 
areas are weighed and divided as desired, normally by species, then dried and reweighed.  
This gives an accurate description of species composition of a given area, as well as 
availability on a dry matter basis (USDA, 1999).   
 
Advantages and Limitations 
 The botanical separation technique is the most accurate and dependable of all 
field measurement techniques; however, it also is the most time consuming and labor 
intensive.  Though demanding, botanical separation is often the best suited analysis for 
studies involving several species of flora, because these studies often require a more 
thorough evaluation than can be provided by visual estimation or point quadrat analysis.  
Studies that evaluate plant species that are low in percentage of the overall population 
often utilize botanical separation techniques, with numerous sample areas, because of the 
technique’s sensitivity to lesser vegetative components (USDA, 1999). 
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CHAPTER III 
Materials and Methods 
 
Objective 1:  Determining the validity of microhistological analysis for estimating 
botanical composition of horse diets. 
 
 
Microscope Training 
 
Individual samples of Kentucky bluegrass, orchardgrass, and tall fescue were 
hand harvested (~200 g DM), dried at 55 Co for two days, and ground through a 1-mm 
screen using a Wiley mill.  Several procedures and solutions exist for removing plant 
pigments, but it was found most effective (simple and less likely to result in plant tissue 
damage than other procedures) to soak 1 g of dried sample in 20 ml of household liquid 
bleach (6% NaClO) in a 100 ml specimen cup for 6 minutes.  Cups were shaken 
occasionally to blend contents, and gas buildup was allowed to vent after each blending.  
Samples were then rinsed with copious amounts of water over an 80-mesh screen, and 
allowed to thoroughly air dry.  For each grass species sample, a small sub-sample (~0.05 
g) was spread evenly over a 24 x 30 mm (size of cover glass) area on a standard 
microscope slide (25.4 x 76.2 mm) and permanently affixed using a plastic mounting 
medium (Johnson et al., 1983) (recipe in appendix).  Several slides were made of each 
sample and were allowed to dry for 24 hours.  Slides were viewed under a Zeiss Standard 
16 binocular microscope at 125 power magnification to practice visual recognition of 
plant epidermal and cellular characteristics.  
Images and drawings from literature sources were used to practice recognition of 
each species during training.  Drawings and digital images were made from areas of 
reference slides and were used for identification of plant fragments in later experiments.  
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For later experiments, the systematic observation process described by Sparks and 
Malechek (1968) was used to evaluate each microscope slide.  Observation began in the 
lower-left corner of each slide, moving bottom to top, left to right in a sweeping, back 
and forth motion.  When three or more particles were present in the viewing area, the 
particles were evaluated to determine if they contained epidermal material, prickle hairs, 
both or were unidentifiable.  Only areas with at least 3 particles that could be identified as 
epidermis or hairs were further evaluated and recorded.    
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Images from Microscope Training 
 
                                                                                                   
Image 3.               Image 4.            Image 5.   
  
 Images 3, 4 and 5 illustrate the differences in prickle hairs among Tall fescue 
[Lolium arundinaceum (Schreb.) S.J. Darbyshire] (Image 3), Kentucky bluegrass (Poa 
pratensis L.) (Image 4), and orchardgrass (Dactylis glomerata L.) (Image 5). 
 
                                                                                                                                                 
                                
Image 6.  An example of a fresh                            Image 7.  An example of Tall fescue (a) 
a
b
c
b
a
grass mixture viewing area at                     and orchardgrass (b) prickle hairs at 
standard magnification with                                 higher magnification. 
bluegrass (a),orchardgrass (b),    
and Tall fescue (c) prickle hairs. 
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 Image 8.  An example of a fecal sample containing Tall 
b
a
 fescue epidermis (a) and orchardgrass prickle hairs (b) 
 in a viewing frame at standard magnification. 
 
 
 
 
                                          
 
Image 9.  Tall fescue:            Image 10. Kentucky              Image 11.  Orchardgrass: 
Slightly wavy cell wall          bluegrass: Extremely             Very long lateral cells with 
construction, exaggerated      wavy cell wall, randomly      thin, smooth cell walls.    
stomata with staggered,         placed orb-like stomata.        Stomata are ovular and un- 
alternating placement.           Presence of cork cells            pronounced.  Lack of visible 
Presence of cork cells            between lateral cells.             cork cells.   
between each lateral cell. 
 
                                      
 
 
 
 
Image 12 Image 13 Image 14  
 
                                                                                                                  
 
 
 
Images 12, 13, and 14 illustrate the differences in stomata among Tall fescue [Lolium 
arundinaceum (Schreb.) S.J. Darbyshire] (Image 12), Kentucky bluegrass (Poa 
pratensis L.) (Image 13), and Orchardgrass (Dactylis glomerata L.) (Image 14) at high 
magnification. 
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Experiment 1: Hay Feeding  
 
 This study was conducted from 19 to 24 October 2005 using 12 mares, ranging in 
age from 11 to 22 years, with a mean body weight of 580kg, ranging from 500 to 650 kg, 
housed on the University of Kentucky Maine Chance Farm (38° 06’ 47.98” N, 84° 29’ 
27.82” W).  The 12 mares were separated into three groups of four, with each group 
being fed a different hay ration (orchardgrass (OG), tall fescue (TF) and Kentucky 
bluegrass (BG)) for a period of five days, after which manure samples were collected 
from each horse.  Horses were allowed a short adaptation period of two days, and then 
allowed three days of ad libitum intake before fecal samples were collected.  This 
provided sufficient time for digesta passage to ensure an uncontaminated fecal sample 
(Rosenfeld et al., 2006).  Fecal samples were randomly collected from the freshest 
manure piles in each horse’s stall the morning of the fifth day (24 Oct.).  The bulk 
manure sample for each horse was approximately 200 g dry weight.  Samples were stored 
at -20 Co before drying at 55 Co for a period of 2 days.  Dried samples were ground 
through a 1-mm screen using a Wiley mill.  Sub samples (~1 g) were bleached and 
evaluated under a microscope to compare the digested plant cells to the undigested cells 
observed in the hand-harvested samples.  Six mixtures were made from these fecal 
samples (Table 1). 
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Table 1.  Actual botanical composition of fecal mixtures from three groups of horses fed 
 cool-season grass hay in Experiment 1. 
 
 Type of hay 
Mixture Tall Fescue Hay Bluegrass Hay Orchardgrass Hay 
 ----------------------------------%------------------------------------ 
A 25 75 0 
B 50 0 50 
C 100 0 0 
D 0 0 100 
E 75 0 25 
F 0 100 0 
 
 Mixed samples were bleached and prepared as described in microscope training.  
Six permanent slides were made for each sample, and the five of highest quality (evenly 
distributed sample, free of air bubbles and other visual obstructions) were used for 
evaluation.  Using a Zeiss Standard 16 binocular microscope at 125 power magnification, 
species composition was determined by using frequency counts of fragments found in 
feces.  The microscopic procedure described by Sparks and Malechek (1968) was used to 
identify plant species in feces. Twenty random locations were evaluated per slide (for 100 
total locations).  A location was defined as a viewing area at standard magnification in 
which at least 3 individual fragments could be seen and identified.  Frequency 
percentages (number of identified fragments out of 100 locations) were recorded for each 
species.  This “particle count method” (Holechek and Gross, 1982a) was used to calculate 
the estimated percentage dry weight of that species in each mixture (Sparks and 
Malechek, 1968).  A formula for this method is as follows. 
d = n / f 
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 Where d is the mean particle density per sample, determined by the number of 
fragments (n) and the number of microscope fields examined (f).  Now, density (d) of 
fragments per field may be converted to relative density (RD),  
 
RD =                                                                                                X 100  _____density of discerned fragments for a species____
 
 
∑ of densities of discerned fragments for all species 
 
 Johnson (1982) discussed the mathematical rationale for this process and the 
relationship between RD and dry weight for most plant species in depth (Davis, 2003).   
 
 
Experiment 2: Fresh Grass Hand-Compounded Samples
 
Samples of tall fescue, bluegrass and orchardgrass (≈ 100 g DW) were harvested 
while in the vegetative pre-boot stage and prepared for analysis following the procedures 
described in microscope training.  Seven species mixtures were made of these undigested 
pure grass samples (Table 2), including one mixture of equal parts (by weight) tall fescue, 
bluegrass and orchardgrass; and six mixtures of varying proportions of tall fescue with 
bluegrass, and tall fescue with orchardgrass.  Six permanent slides were prepared from 
each of these samples.  Five slides of each mixture were selected and evaluated as 
described in experiment 1. 
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Table 2.  Actual botanical composition of fresh grass hand compounds from 
Experiment 2. 
 
 Grass species 
Mixture Tall Fescue Bluegrass Orchardgrass 
 -------------------------%--------------------------- 
1 50 0 50 
2 25 0 75 
3 75 25 0 
4 34 33 33 
5 50 50 0 
6 75 0 25 
7 25 75 0 
A* 33 33 33 
B* 67 33 0 
C* 33 67 0 
        * - Mixtures A, B and C were prepared and evaluated after initial evaluation  
  of mixtures 1-7 to improve estimation of Tall fescue – bluegrass mixtures. 
 
 
Experiment 3: Hay Feeding: Manure Hand-Compounds 
  
 This study, conducted from 15 to 20 September 2006, was similar to experiment 
1, with the primary exception that a group of three horses were fed dried pure species 
forage diets.  The forage for these diets was harvested by hand and with a Hege Forage 
Harvester during the months of May, June and July from variety research plots on the 
University of Kentucky’s Spindletop farm and from pure bluegrass stands on WinStar 
Thoroughbred horse farm, located in Versailles, KY (38° 05’ 00.92” N, 84° 39’ 49.27” 
W).  Harvested samples were placed in canvas bags and dried at 55 C° for four days.  
When dry, bags were stored elevated in a covered barn until fed.  Each horse was fed an 
ad libitum diet of either pure orchardgrass, tall fescue or bluegrass forage, and mineral 
salt and water.  Manure was collected over a three day period (day four to six after the 
initiation of the study) beginning 18 September and ending on 20 Sept.  Fecal samples 
were collected after 72 hours to ensure sufficient passage of digesta from pre-study intake 
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(Rosenfeld et al., 2006).  Fecal sampling and laboratory preparation were standard; 
keeping manure samples separate.  Fecal samples taken on the last day of this study were 
used for further analysis, with the assumption that these samples would have the lowest 
percentage of contamination from forages fed prior to the study. 
  These samples were used to validate the microhistological technique by being 
mixed in known proportions and evaluated for accuracy.  Five mixtures (Table 3) of pure 
fecal material were prepared and evaluated for composition.  This evaluation was 
replicated three times, each with an original set of prepared slides, to provide data for 
statistical analysis of covariance using Proc GLM.  Sample preparation and analysis 
followed the procedures described in experiment 1.  
 
Table 3.  Actual botanical composition of fecal mixtures from horses fed three pure 
species cool-season grasses in Experiment 3. 
 
  Grass species  
Mixture Tall Fescue Bluegrass Orchardgrass 
 ----------------------------%-------------------------------- 
A 25 75 0 
B 0 25 75 
C 20 40 40 
D 33 33 33 
E 66 0 33 
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Objective 2:  Determining the percentage of Tall fescue consumed by horses grazing 
mixed pastures. 
 
Experiment 4: Grazing Study 
  
 Experiment 4 was conducted from 3 to 10 November 2006, at The University of 
Kentucky’s Maine Chance Farm.  This experiment was repeated from 23 April to 2 May 
2007.  All methods of pasture sampling, manure collecting, slide preparation and analysis 
were identical.   
 A 4.0-ha pasture, predominantly Maury silt loam (94%) was pre-selected for use 
and managed comparably to that of regional Thoroughbred standards for herbicide and 
fertilizer application, mowing and machinery traffic on the following schedule.   
2005:  2 September: Sprayed with Redeem (clopyralid + triclopyr amine) broadleaf 
herbicide (3.0 L ha-1). 
 20 September: Mowed, fertilized with ammonium nitrate (NH4NO3) at 33 kg N 
ha-1. 
 11 November: Fertilized with ammonium nitrate, 33 kg N ha-1. 
2006:  16 March: Fertilized with ammonium nitrate, 33 kg N ha-1. 
 17 March: Sprayed with Redeem 3.0 L ha-1. 
 8 September: Fertilized with ammonium nitrate, 33 kg N ha-1. 
 15 November: Fertilized with ammonium nitrate, 33 kg N ha-1. 
2007:  22 March: Fertilized with ammonium nitrate, 33 kg N ha-1. 
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Image 15.  Aerial view of research pasture used for Experiment 4. 
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Within the pasture, eight 0.25-ha paddocks were measured and divided using 
temporary electric fencing.  Paddocks were set based on the gradient of tall fescue 
percentages as well as uniformity of pasture, availability of forage (basal area and forage 
height), and ability of pasture to persist under continuous grazing.  Four paddocks had 
high amounts of tall fescue and 4 paddocks had low tall fescue amounts.  The study was 
repeated in April, 2007, to evaluate a season effect on diet composition. 
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Each paddock was evaluated for botanical composition using the following methods. 
• Visual Estimation 
• Point Quadrat Evaluation 
• Harvested Hand Separated Botanical Composition 
• Digital Photography 
 
 After initial evaluation (3 November), eight horses were turned out into large 
pasture, without access to the individual paddocks.  After a 2-day familiarization period, 
each horse was pastured in an individual paddock, where they were kept for a period of 6 
days (5 to 10 November). 
   
Pasture Evaluation 
Botanical composition of paddocks was evaluated based on ground cover by 
using a 0.6 m2 (2’ x 2’) square quadrat, made of 1.5” (OD) PVC.  This frame was 
randomly thrown 10 times throughout the paddock and each area was photographed and 
evaluated visually (Image 1).  An identical quadrat (Image 2), prepared with 5 evenly 
spaced wires vertically and horizontally making 25 intersecting points was then placed on 
top of the first quadrat, and a “point quadrat” measurement was taken (Smith et al., 
1992).  This point quadrat method was used because it provided the most accurate, 
consistent estimates of stand composition with relative ease of operation (USDA, 1999).  
These same quadrat areas were also harvested, leaving 5-cm stubble, and hand separated 
for botanical composition on a biomass basis to provide comparisons to the quadrat 
measurements. 
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 Forage quality samples were taken for each desirable grass species before fall and 
spring samples were collected.  Forage samples were dried in a forced air oven at 55°C 
for 48 hours, then packaged in plastic zip bags and shipped for lab testing1.  
 Fecal sample collection began on day 4 (8 November).  Fecal samples were also 
collected on days 5 and 6, and were handled as they were in experiment 1.  Laboratory 
preparation was standard, following the procedure explained in experiment 1; with six 
slides being prepared from manure samples and great care taken to avoid cross-
contamination of samples.  These slides were evaluated for percent composition, which 
was then compared to the results from the pasture evaluation.
                                                 
1 Forage quality testing performed by: Kentucky Department of Agriculture Forage Testing Program; 107 
Corporate Drive, Frankfort, KY 40601 
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Objective 3:  Determining the effect of Tall fescue percentage in pasture on equine 
grazing patterns and diet composition 
  
 After completion of manure analysis and pasture evaluation, correlation and 
regression analysis procedures were used to determine the relationship between the 
amount of tall fescue and other available grasses in the pasture and the corresponding 
amount (ratio) that was actually ingested by the animals and returned in the form of 
manure.   
 The statistical analysis of the data was performed using PROC GLM in SAS 9.1 
(SAS Institute Inc., Cary, NC, USA, 2003).  For each paddock, differences in individual 
species botanical composition between fall and spring were analyzed as preplanned 
contrast. A fixed-effect analysis of covariance was performed to determine the effect that 
species abundance in a paddock and during a season had on species abundance in the diet 
(manure).  The significance level for all tests was P ≤ 0.05. 
 Pearson correlation coefficients were used to determine relationships between 
botanical measurement techniques.  SigmaPlot (Systat Software, Inc., San Jose, CA, 
USA, 2004) was used to plot regression analyses of species DM availability and fecal 
composition.  Bias (∑(estimated botanical composition – actual botanical composition) / 
n) was calculated in each experiment where actual botanical composition of samples was 
known.   
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CHAPTER IV 
 
Results & Discussion
Experiment 1 
 Botanical composition estimations of hay based fecal mixtures in experiment 1 
(Table 4) accurately reflected actual botanical composition of pure orchardgrass with a 
range from -4 to +3 percent difference between the estimated and actual composition.  
All other estimates showed unacceptable error (Holechek and Gross, 1982a) in 
comparison to the planned botanical composition of the mixtures. 
 
Table 4.  Differences between estimated and actual botanical composition of fecal 
mixtures  from three groups of horses fed cool-season grass hay in Experiment 1. 
 
  Type of hay  
Mixture Tall Fescue Hay Bluegrass Hay Orchardgrass Hay 
 --------------------------------%------------------------------------ 
A -21 -24 26 
B -17 42 -24 
C -45 42 3 
D 3 2 -4 
E -66 66 0 
F 5 -54 49 
Bias2 -20.33 12.33 8.33 
 1 Difference (estimated – actual) 
 2  Bias = ∑(estimated – actual) / n 
 
 
 The hay used for feeding in experiment 1 was provided by University of 
Kentucky farm personnel as pure species hay.  Upon completion of experiment 1, the hay 
bales used for feeding were closely inspected.  Tall fescue hay was observed to contain 
visible orchardgrass, bluegrass and other grass weed contaminants, while bluegrass hay 
had visible tall fescue and grass weed contaminants. Because of this contamination, it is 
impossible to know the actual botanical composition of each horse’s diet.   Orchardgrass 
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hay appeared to be contaminant-free, which led to accurate estimation of orchardgrass 
component in mixtures containing orchardgrass.  These results show that hay used in 
feeding trials should be inspected for botanical composition before the initiation of any 
experiment. 
 
Experiment 2 
 In experiment 2 (Table 2), differences between estimated and actual botanical 
composition for fresh grass species mixtures 1 through 7 had an overall average 9.6 
percent unit error (Table 5).  Differentiation of tall fescue and orchardgrass mixtures was 
more accurate than those for tall fescue and bluegrass, which likely was due to 
similarities between tall fescue and bluegrass cell wall characteristics.  The initial 
evaluation was repeated with new mixtures of the same plant material (A, B, C).  
Differences in the prickle hairs among the three grasses provided a discernable 
characteristic that improved accuracy of these repeated evaluations, particularly of tall 
fescue/bluegrass mixtures (4.3 % mean unit error).   
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 Table 5.  Differences between estimated and actual botanical composition of fresh 
grass hand compounds in Experiment 2. 
 
  Grass species  
Mixture Tall Fescue Bluegrass Orchardgrass 
 --------------------------%------------------------------- 
1 -2.21 0 2.3 
2 -4.1 0 4.2 
3 8.7 -8.6 0 
4 -4.5 5 -1.3 
5 15.1 -15 0 
6 11.4 0 -11.3 
7 -20.1 20.2 0 
Bias2 0.61 0.23 -0.87 
A 3 -2 -2 
B 9.9 0 -9.5 
C -6.1 6.2 0 
Bias 2.26 1.40 -3.83 
  1 Difference (estimated – actual) 
  2 Bias = ∑(estimated – actual) / n 
 
 Overall unit error improved with repeated evaluation, however, biases were more 
pronounced.  This is likely due to small sample size in repeated evaluation.   
 
Experiment 3 
 Results from experiment 3 (Table 6) showed an overall average difference of 3.1 
percentage units between estimated and actual botanical composition of fecal mixtures.  
Estimation of bluegrass was most accurate, followed by tall fescue and orchardgrass.  
Botanical composition estimation was most accurate when mixture component ratios 
neared 1:1.  Of 15 botanical component estimations, 10 were not significantly different (P 
> 0.05) from the actual botanical composition of the mixture (Table 6).  Three of the five 
inaccurate estimations were components of mixture E (67% tall fescue, 33% 
orchardgrass).  Similarities between fecal fragments of tall fescue and orchardgrass likely 
resulted in an overestimation of orchardgrass and an underestimation of tall fescue; 
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however, ranking of the estimated values was the same as the ranking of the actual value 
of components within the botanical composition.  Additionally, the evaluation of each 
mixture E microscope slide showed the presence of bluegrass.  While estimation error 
could be due to contamination during field sampling, mixing, or fragments of bluegrass 
in the digestive tract of this animal, there was also a trend in bias (Table 4 and 5) to 
overestimate bluegrass, which suggests observer error.   
 
 Table 6.  Differences between estimated and actual botanical composition of fecal 
mixtures from horses fed cool-season grasses in Experiment 3 
 
 Grass species 
Mixture Tall Fescue Bluegrass Orchardgrass 
 --------------------------%----------------------------- 
A 3.001 -4.67*’ 1.00* 
B 1.67* 2.33* -4.00*’ 
C 0.33* -3.00*’ 2.00* 
D -0.67* -0.33*’ 2.33* 
E -10.00** 3.00* 8.67* 
Bias2 -1.13* -0.53*’ 2.00* 
  1 Difference (estimated – actual) 
  2 Bias = ∑(estimated – actual) / n 
  * Significantly different according to paired t-test at (P < .05) 
 
Experiment 4 
Measurement Techniques 
 Evaluation of data collected during the fall of experiment 4 (November 2006) 
showed strong correlation (0.800 – 0.959) among field measurement techniques (Table 
7).  Visual estimation, point quadrat estimation and hand separation analysis were highly 
correlated (p < 0.0001) among desirable species components.  Hand separation of the 
“other” component (grass and broadleaf weeds, clovers, non-desirable forages, etc.) 
yielded the lowest correlation values (0.406, 0.474).  Although these low values were 
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statistically significant (p < 0.001), they were considered too low to be biologically 
significant (Smith and Bouton, 1989).  While results from these measurement techniques 
shared a strong association, one technique could not be used to accurately predict the 
results from another. 
 
Table 7.  Correlations between pasture composition measurement techniques for samples 
collected on 3 November 2006, from Experiment 4 
 
 Tall Fescue  Bluegrass 
 
Point 
Quadrat 
Hand 
Separation  
Point 
Quadrat 
Hand 
Separation 
      
Visual 
Estimation 
0.950 
  < 0.0001
0.850 
< 0.0001
0.939 
< 0.0001
0.874 
< 0.0001 
  
Point 
Quadrat 
0.834 
< 0.0001
0.847 
< 0.0001 
 
 Orchardgrass  Other 
 
Point 
Quadrat 
Hand 
Separation  
Point 
Quadrat 
Hand 
Separation 
      
Visual 
Estimation 
0.960 
< 0.0001
0.826 
< 0.0001
0.801 
< 0.0001
0.406 
 0.0004 
  
Point 
Quadrat 
0.831 
< 0.0001
0.475 
< 0.0001 
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Table 8.  Correlations between pasture composition measurement techniques for samples 
collected on 23 April 2007, from Experiment 4 
 
 Tall Fescue  Bluegrass 
 
Point 
Quadrat 
Hand 
Separation  
Point 
Quadrat 
Hand 
Separation 
      
Visual 
Estimation 
0.915 
< 0.0001
0.933  
< 0.0001
0.871  
< 0.0001
0.821  
< 0.0001 
  
Point 
Quadrat  
0.917 
< 0.0001
0.835  
< 0.0001 
  
 Orchardgrass  Other 
 
Point 
Quadrat 
Hand 
Separation  
Point 
Quadrat 
Hand 
Separation 
      
Visual 
Estimation 
0.896  
< 0.0001
0.878  
< 0.0001
0.878  
< 0.0001
0.720  
0.0004 
  
Point 
Quadrat 
0.904  
< 0.0001  
0.599  
< 0.0001 
 
 High correlations between measurements of desirable species were expected 
because of the similarities in morphological stage of each desirable species,.  The three 
desirable grass species were in a vegetative stage when paddocks were sampled.  Each 
species was lush and leafy, and most plants had not developed visible seed heads.  High 
correlation coefficients suggest a relationship between visual estimation and point 
quadrat analysis.  Point quadrat and visual estimation also showed a significant 
correlation to hand separation.   
 The low correlation values between hand separation and point quadrat and visual 
estimation associated with the other component were likely due to the morphological 
stage of grass weeds during the fall evaluation period.  At the time of evaluation, the 
Lexington, KY area had experienced two killing frosts and several weeks of below 15 C° 
temperatures; the other component was mostly comprised of warm-season grass weeds 
(yellow foxtail (Setaria glauca), large crabgrass (Digitaria sanguinalis), etc).  These 
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grass weeds were senescent, leaving behind stems and seed heads, which cover much less 
basal area than the leafy vegetation of the cool-season grasses.  Thus, these components 
were observed less frequently by measurement techniques that are less sensitive to low 
frequency species populations, yet were observed in higher frequency when hand 
separated.     
 Correlation values were higher during the spring for experiment 4 (April 2007)  
(Table 8).  Pasture measurements were taken when there had been 21 days of average 
daily temperatures that were slightly (4 F°) below normal.  The area had above average 
rainfall    (+ 0.08”) and soil temperatures were approaching 55 F°.  These conditions were 
favorable for cool-season species growth, which likely led to high correlation values 
between measurement techniques.   
 These high correlation values suggest that, when used in a similar situation, any 
of these measurement techniques is equally as effective and accurate as the other.  This is 
important to consider when planning an experiment because of the advantages and 
disadvantages of each measurement technique.  When expediency may be an issue, visual 
estimation is a much more practical measurement.  Conversely, if time is not a concern, 
hand separation or point quadrat analysis will yield accurate, objective results.   
 
Botanical Composition 
 
Paddocks were selected to reflect a wide range in tall fescue percentage, in order 
to evaluate how diet composition was associated with pasture composition.  The 
percentage of tall fescue in paddocks during experiment 4 (November 2006) using point 
quadrat evaluation averaged (P6) 10%, (P3) 23%, (P7) 25%, (P8) 28%, (P1) 42%, (P2) 
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63%, (P4) 64%, (P5) 79% (Figure 1).  In April 2007, the same paddocks averaged (P6) 
9%, (P7) 9%, (P8) 20%, (P3) 24%, (P1) 40%, (P2) 43%, (P5) 44%, (P4) 48%.  
Percentages of bluegrass, orchardgrass and weeds varied greatly.  Clover populations in 
paddocks were very low, likely due to chemical application regimen for broadleaf weed 
control.  Percentages of bare soil were also low.  Using SAS procedure GLM, 
percentages of bare soil were evaluated to test for significant effects that percent cover 
may have on diet composition.  There was no significant effect (P < 0.05) between 
percent bare soil and diet composition.     
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 Paddock 1 Paddock 2 Paddock 3 
41%
11%
9%
37%
2%
63%
4%
9%
24% 23%
17%
33%
25%
2%
 
 Paddock 4 Paddock 5 Paddock 6 
64%9%
12%
15%
78%
9%
0%
13% 0% 10%
35%
41%
13%
1%
 
 Paddock 7 Paddock 8 
24%
12%
39%
22%
3%
28%
17%
41%
10%
4% T al l  Fescue
B l uegr ass
Or char dgr ass
Weeds
Bar e soi l
 
 
 
 
Figure 1.  Total composition of paddocks in Experiment 4; 3 November 2006, 
evaluated with point quadrat analysis techniques at Maine Chance 
Farm; Lexington, KY 
 
 
 
 
 
 
 
 
 
 
 41
 
 Paddock 1 Paddock 2 Paddock 3 
40%
4%18%
29%
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43%
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31%
18%
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48%
22%
3%
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15%
44%
16%
11%
9%
20%
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16%
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 Paddock 7 Paddock 8 
9%
41%
23%
14%
12%
1%
20%
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17%
17%
8% T al l  Fescue
B l uegr ass
Or char dgr ass
Weeds
Bar e soi l
 
Figure 2.  Total composition of paddocks in Experiment 4; 23 April 2007, 
 evaluated with point quadrat analysis techniques at Maine Chance 
 Farm; Lexington, KY. 
 
 
The GLM procedure (SAS), was used to determine significances of changes in 
botanical composition from the fall and spring samples (Table 9).  No paddock exhibited 
significant changes in tall fescue between seasons (p < 0.05) (Table 9, Figure 3).  
Paddocks 2, 3, 6 and 7 experienced a significant change (Figure 4) in bluegrass botanical 
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composition, leading to an overall effect (Table 9).  Paddock 6 also showed significant 
change in orchardgrass composition (Figure 5).   
 
Table 9.  Proc GLM statistical evaluation of changes in botanical composition over time 
(season) in grazing paddocks used for Experiment 4 (Pr < F). 
 
 Tall Fescue Bluegrass Orchardgrass Other 
Paddock < 0.0001 0.0822 < 0.0001 0.0024 
Season 0.0918 < 0.0001 0.0125 <0.0001 
Paddock*Season 0.8484 0.5349 0.3913 0.0773 
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Figure 3:  Tall fescue composition (% of total available dry matter, using hand 
separation analysis) of paddocks from Experiment 4, Maine Chance 
Farm; Lexington, KY. 
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Figure 4:  Bluegrass composition (% of total available dry matter, using hand 
separation analysis) of paddocks from Experiment 4, Maine Chance 
Farm; Lexington, KY.
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Figure 5:  Orchardgrass composition (% of total available dry matter, using hand 
separation analysis) of paddocks from Experiment 4, Maine Chance 
Farm; Lexington, KY. 
 
The “other” category exhibited the greatest level of change over time, with 
paddocks 1 to 7 showing significant changes, due to the high amount of weed pressure 
during each grazing study.  The “other” component was comprised of annual and 
perennial weeds, clovers, non-desirable grasses, etc.  These species were in high 
population relative to other botanical components during both seasons.  Another factor in 
the change in the “other” component was the increase in bare soil (percent cover) 
between seasons.  Evaluation of data from April 2007 showed a significant increase (p < 
0.05) in the percentage of bare soil from November 2006 among all paddocks.  This 
suggests a more suitable environment for weed seed germination, growth and competition 
during the summer and early fall period.  Paddock 8 was the only paddock that did not 
experience any significant botanical composition changes over time.  Also, there was no 
paddock by season interaction (Table 9).  This indicates that, while botanical composition 
of paddocks changed between seasons, all paddocks showed statistically equal levels of 
change.  
 
Forage Quality 
 Forage quality analysis (Table 10) showed that the three desirable grasses were of 
higher quality in the spring.  Each species contained higher crude protein (CP), lower 
acid detergent fiber (ADF) (an indicator of digestibility) and neutral detergent fiber 
(NDF) (an indicator of intake), and higher overall relative feed values (RFV) (an index 
that combines the important nutritional factors of intake and digestibility).  It is believed 
that forage quality was not a factor in diet composition because of the small amount of 
difference between species quality values.  Further studies should involve more thorough 
quality analysis as well as analysis of forage carbohydrate content. 
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Table 10. Forage quality values from grab samples taken from study pasture before the 
initiation of grazing by horses in Experiment 4 (3 November 2006 and 23 April, 
2007), Maine Chance Farm; Lexington, KY. 
 
3 November 2006 Tall Fescue Bluegrass Orchardgrass 
Crude Protein, % 12.0 11.9 15.0 
Acid Detergent Fiber, % 29.2 30.5 25.4 
Neutral Detergent Fiber, % 51.6 53.4 51.0 
Relative  Feed Value (RFV) 107.0 95.8 107.1 
23 April 2007 
Crude Protein, % 16.9 17.4 19.3 
Acid Detergent Fiber, % 21.6 19.4 20.7 
Neutral Detergent Fiber, % 45.0 43.7 44.6 
Relative  Feed Value (RFV) 121.5 128.5 124.4 
 
Endophyte Infection 
On 3 November 2006, tall fescue tiller samples were taken from each paddock to 
test for endophyte infection rate2.  Paddocks 1, 2, 4 and 5 occupied large areas of 
previously seeded Jesup Endophyte-free and Jesup Max-Q tall fescue cultivars, while 
other paddocks contained tall fescue infected with the wild type fescue endophyte.  
Paddocks 1, 2, 4 and 5 were all less than 5% infected with the wild-type endophyte, while 
wild-type endophyte infection rates for other paddocks were: Paddock 3, 8.3%; Paddock 
6, 100%; Padodck 7, 82.61%; Paddock 8, 40.91%.  
                                                 
2 2006 Tiller samples were evaluated by: The University of Kentucky Seed Testing Laboratory 
   103 Regulatory Services Building, Lexington, KY 40546-0275 
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There was no apparent effect of wild-type endophyte infection level on 
consumption of tall fescue.  In experiment 4(November), the horse grazing paddock 6 
(17.91% tall fescue, 100% infected) and the horse grazing paddock 7 (16.23 % tall 
fescue, 82.61% infected) consumed 23% and 22% of their diet in tall fescue, respectively.   
 
Diet Composition 
 There was strong correlation (r =0.90) between botanical composition in the 
paddock and fecal composition of tall fescue component in experiment 4 (Table 11).  
There also was a strong correlation between orchardgrass measurements (r =0.80).  
Bluegrass measurements, however, were not correlated, most likely because of a narrow 
range of botanical composition in paddocks.  Bluegrass botanical composition in 
paddocks ranged from 5 to 35% (fall samples) and 5 to 45% (spring samples), while fecal 
compositions ranged from 22 to 35% and 15 to 30% respectively.  There was no 
significant relationship between paddock botanical composition and fecal composition of 
“other” component.   
Table 11.  Paddock botanical composition and fecal composition measurement 
correlations from Experiment 4 (November and April-May measurement 
periods combined), Maine Chance Farm; Lexington, KY. 
 
 Paddock Component 
Fecal Component Tall Fescue Bluegrass Orchardgrass Other 
     
Tall Fescue    
 
0.90202 
<0.0001    
Bluegrass    
  
-0.17351 
0.5205   
Orchardgrass    
   
0.80469 
0.0002  
Other    
    
0.01130
0.9669 
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 Figure 6 shows a scatter plot of tall fescue fecal composition against tall fescue 
botanical composition (Figure 3) by paddock from experiment 4.  Data was combined 
over season since there was no paddock by season interaction in pasture composition or 
fecal composition.  This plot shows a strong relationship (r2 = 0.81) between the 
percentage of tall fescue in the paddock and the corresponding percentage in the diet.  
With each percent increase in tall fescue composition in the paddock, there was a 
corresponding 0.43% increase in diet composition.  A quadratic analysis model was 
designed to test the tall fescue botanical composition and diet composition data from 
figure 6 for curvilinear tendencies; however the quadratic term was not significant.    
These results suggest that horses may not avoid or select against tall fescue.  At 
low botanical composition percentages, horses in this experiment consumed a higher 
percentage of their diet in tall fescue than what was available; while at higher percentages 
(> 35%) they selected slightly lower amounts.  This information is important for two 
reasons; primarily, it shows that horses will not necessarily select against tall fescue when 
grazing a mixed species pasture.  Secondly, it indicates that producers with pastures of 
equal or less than average tall fescue percentage (26%) may not need to eradicate tall 
fescue from their pastures, which can be expensive and labor intensive.  Figure 6 shows 
that horses grazing in paddocks with a tall fescue percentage between 12 and 30% were 
likely to consume the same amount (20 – 25%) of tall fescue.   
 It should be noted that available mass of desirable forages during experiment 4 
consisted of late fall and early spring vegetative growth, which should be more succulent 
and palatable than summer growth.  Though not measured here, ergovaline levels in 
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endophyte-infected tall fescue were lower on average on other farms that were monitored 
during the spring and fall months than would be expected during the summer (data not 
shown).  Therefore, more succulent forage and lower levels of ergovaline may have 
contributed to the higher rates that tall fescue was consumed.   
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 Figure 7 shows a scatter plot of orchardgrass fecal composition against 
orchardgrass pasture botanical composition (Figure 5) by paddock from experiment 4.  
The data was combined over season because there was no paddock by season interaction 
in pasture composition or fecal composition.  There was a strong relationship (r2 = 0.57) 
between the percentage of orchardgrass in the paddock and the corresponding percentage 
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Figure 6.  Sigmaplot regression of fecal tall fescue percentage and tall fescue available 
(% of total dry matter available) in paddocks from Experiment 4, Maine  
Chance Farm; Lexington, KY. 
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in the diet.  With each percent increase in orchardgrass composition in the paddock, there 
was a corresponding 0.42% increase in diet composition.  A quadratic analysis model 
was designed to test the orchardgrass botanical composition and diet composition data 
from figure 7 for curvilinear tendencies; however the quadratic term was not significant.    
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 These results indicate that, similar to tall fescue, horses did not avoid or select 
against orchardgrass.  At low botanical composition percentages, horses consumed a 
higher percentage of their diet in orchardgrass than was available; while at higher 
percentages (> 30%) they selected slightly lower amounts in relation to what was 
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available.  Levels of orchardgrass in the feces could possibly plateau at approximately 
35%.   
 This data is of great importance to horse owners concerned about what pasture 
grasses are best suited for their animals.  It is also useful to producers trying to minimize 
consumption of tall fescue, because orchardgrass can be used as an acceptable 
replacement forage grass for tall fescue.     
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CHAPTER V 
 
SUMMARY & CONCLUSION 
 
 
 In conclusion, this research supports the use of microhistological analysis to 
estimate the diet composition of thoroughbred horses when grazing exclusively cool-
season grass pastures.  This research shows that microhistological analysis is not a 
dependable way to predict the exact amount of a particular forage species a horse is 
consuming when grazing a mixed pasture, but there are relationships between the species 
botanical composition of a paddock and the botanical composition of the diet.   
 
Validation of Microhistological Analysis  
 Microhistological analysis is a process that takes extensive time and training to 
become proficient, and requires constant practice to remain au fait.  This research 
illustrated that fact in microscope training and experiment 1, where results were 
inaccurate, likely due to impure hay samples, but some error was due to observer error.  
After practice and additional training, experiment 2 was designed to test the observer’s 
ability to differentiate grass species.  With the success of experiment 2, experiment 3 was 
designed to test the accuracy and precision of the microhistological technique with 
thoroughbred horse fecal material.   
 Horses have inefficiencies as fiber digesters; therefore the fecal material used for 
evaluation was not as thoroughly broken down as with other ruminants and pseudo-
ruminants.  This point eased the process of botanical composition determination in 
experiment 3 and later experiments.   
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 In experiment 3, the accuracy and precision of the microhistological technique 
resulted in a mean unit error of less than 5%.  These results proved that microhistological 
analysis is an accurate technique for determining the botanical composition of horse diet 
samples.  The accuracy of experiment 3 led to the design of grazing study experiment 4.  
This research proved that microhistological analysis is a valid technique for determining 
the diet composition of horses grazing cool-season pasture, and also identified a strong 
relationship between pasture botanical composition and diet botanical composition for 
some cool-season grasses.  This is shown in figures 6 and 7, where pasture botanical 
composition of tall fescue and orchardgrass was compared to diet composition.  High r2-
values (0.81, 0.57, respectively) prove that this technique is also a useful tool for 
determining horse diet selection.   
 While more technologically advanced techniques (NIRS, N-alkanes) are available 
for the purpose of diet determination, this technique remains the most practical, and 
requires the fewest resources. 
Percentage of Tall fescue consumed 
 
 During experiment 4 (Figure 6), as the percentage of tall fescue in the paddock 
increased, the percentage in the diet also increased, only at a lesser rate.  This is shown in 
the regression equation for Figure 6:  
% tall fescue in feces= 14.1 + 0.4 (% tall fescue in paddock) 
 This equation shows that for each 1% increase in tall fescue in the paddock, the 
corresponding increase in the diet was 0.4%.   
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Effect of Tall Fescue on Diet 
 There was a strong relationship between the percentage of tall fescue in a paddock 
and the percentage in the diet.  It was shown that as tall fescue percentage in a paddock 
increased, the amount in the diet increased as well.  However, when tall fescue 
percentage was higher, less tall fescue was consumed as a percent of what was available.   
 While it is assumed that horses are selective grazers, this study provides some 
substantiation that they do exhibit preferential or, selective grazing habits.  During 
experiment 4, there were instances when horses were consuming nearly 25% of their diet 
in tall fescue when percentages of tall fescue in grazing paddocks were low (15 – 20%).  
There also were several horses in this experiment that consumed orchardgrass in a higher 
percentage than was present in the paddock.   
 High y-intercept values for tall fescue (Figure 6) and orchardgrass (Figure 7) 
suggest that at lower populations, these grasses were selected for more than other pasture 
botanical components.  This is most likely due to higher competition from broadleaf and 
grass weeds and other non-desirable forages classified in the “other” category.  When 
populations of tall fescue and orchardgrass were low, there was a greater opportunity for 
competition from non-desirable species.  If these non-desirable species were avoided by 
grazing mares, it would lead to higher amounts of other species in the diet.  This suggests 
a lack of preference for non-desirable forage species more than a preference for either tall 
fescue or bluegrass. 
 
Significance of Results 
 
 Since this study only observed one spring and one fall season, conclusions are 
based on observed differences during the two seasons, and may not reflect diet 
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composition trends of horses grazing cool-season pasture at other dates or in other 
seasons or years.   
 
Effects of Endophyte Infection on Diet 
 There was no apparent effect of endophyte infection level on consumption of tall 
fescue.  In experiment 4, the horse grazing paddock 6 (10% tall fescue, 100% infected) 
and the horse grazing paddock 7 (24 % tall fescue, 82.61% infected) consumed 22% and 
21% of their diet in tall fescue, respectively.  In future research, it would be beneficial to 
monitor levels of ergovaline production during grazing, as this may potentially have 
some effect on consumption of Tall fescue. 
 
Significance of Pasture Measurement Correlations 
 
 The high correlation values from measurements taken during both seasons of 
experiment 4 suggest that, when used in a similar situation, any of these measurement 
techniques is equally as effective and accurate as the other.  This is important to consider 
when planning a grazing experiment because of the advantages and disadvantages of each 
measurement technique.  When expediency may be an issue, visual estimation is a much 
more practical measurement.  Conversely, if time is not a concern, hand separation or 
point quadrat analysis will produce accurate, objective results. 
 
Future Research 
 
 Future research should focus on year long monitoring of diet composition as well 
as how diet composition changes as a function of day length and duration of stay in a 
single paddock area.  Research to compare microhistological techniques to more 
technologically advanced forms of diet determination would be beneficial.   
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 Because the level of ergovaline in forage that induces toxicity is still debated, and 
because these levels vary greatly between species of animal and developmental stage, it is 
difficult to provide producers with a definite answer about the specific dangers that tall 
fescue poses.  Research is needed to better define these levels and understand their 
implications for horse owners.   
 Future research in microhistological techniques with pastured horses should focus 
on collecting and analyzing as many fecal samples as possible.  Collection of several 
fecal samples over the period of a day would ensure a more representative diet 
composition analysis for that time period.  Research on differential passage rates of diet 
components in the horse would also be of importance to further microhistological work. 
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APPENDICES 
Appendix A 
UK Horse Pasture Evaluation Pilot Project 
Ray Smith, Extension Specialist, Project Leader 
UK Forage Program Staff including: 
Tom Keene, Gabriel Roberts, Jesse Morrison 
 
Overview: 
 The University of Kentucky is developing stronger ties with the state’s horse industry 
in the areas of research, extension and teaching. Many horse farms in the bluegrass region are 
interested in UK’s assistance with pasture evaluation. Of particular interest is evaluating 
pastures for percent tall fescue. The objective of this research/extension project is to run a 3 
month pilot project to evaluate pasture species composition, endophyte infection level, and 
ergot alkaloid concentration. The results of this pilot will be used to determine the 
potential/need for UK to offer more comprehensive pasture evaluation in the future.   
 
Pilot Project Timetable: 
 The pilot project will run from September 12 to early December 2005. 
 
Farm Enrollment and Fees: 
 The pilot project will involve approximately 20 farms and we will sample up to 5 
paddocks per farm. Maximum acreage that we can be enrolled in the pilot project per farm is 
75 acres (for example, if your paddocks are 30 acres in size we can only sample 2). The 
majority of the expenses will be covered by a research grant, but participants will be required 
to pay for laboratory analysis fees. Cost for 5 paddocks will be approximately $400.00. 
 
Report to issue to farms: 
 Each farm will be issued a report describing the status of each paddock. This will 
include the amount of tall fescue, other grasses, clover, weed composition, endophyte 
infection level, and tall fescue alkaloid concentration in each paddock. The report will also 
include management options and a collection of appropriate horse pasture publications. 
Management options will be tailored to each farm/field and will reflect the unique 
characteristics of the field. For example, if the farm plans to have late term broodmares on 
paddocks containing tall fescue, then the report will explain the risks of grazing stands with 
varying percentages of fescue. It will also describe management options for 
controlling/eradicating tall fescue in these paddocks and methods to insure that desirable 
species predominate (renovation, reestablishment, fertilizer treatments, clipping, etc…). For 
some farms, the primary recommendation may just be a general weed control program.  
 
Follow-up: 
 At the end of the pilot project we will meet to determine the success of the pilot 
project and discuss options for 2006 and future years. We will make this decision after 
consultation within the college, county agents, horse industry leaders, and with project 
participants. If the project has a green light to move ahead, we will decide how to expand the 
program and develop strategies for future funding. Several research ideas are being 
developed that relate to this project. One of these relates to how much fescue horses actually 
eat? This and other ideas will be synthesized during the fall and winter of 2005/2006. 
 
Are You Interested? 
 We will enroll interested participants on a first come basis. If you are interested, 
please send the following information to Dr. Ray Smith at UK via E-mail 
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(raysmith1@uky.edu). Put “Pilot Project” in the subject line. (Farm Name, Contact person, 
Farm Manager, Farm Owner, Phone, Cell phone, E-mail, Physical address of the farm) 
 
Preliminary Research: UK Pilot Project 
 
1 – Quadrat sampling for basal area cover 
 The important thing is to end up with representation sample of the entire pasture.  
Walk the pasture in a W type pattern randomly tossing the 4ft2 grid on the ground.  Look 
away when you throw the grid or throw it over your shoulder.  You don’t want to be 
aiming for a particular spot.  Estimate the percent ground cover of each species.  You are 
not trying to estimate how much forage is present, but the area of ground that is 
covered by a particular species.  Also referred to as basal area cover. 
2 – Sample number based on pasture size  
 The following are general guidelines used to determine sample number. Large 
pastures may need to be divided and the subdivisions sampled separately.  For example, 
best to make separate estimates if you have a 40 acre pasture that is half creek bottom and 
half hillside. 
 < 5      acres – at least 10 samples 
 5 – 10 acres – at least 15 samples 
 > 10    acres – at least 20 samples 
3 - Sampling for endophyte infection level 
 Endophyte infection level was determined by randomly selecting two live fescue 
tillers within each quadrat (or from the closest fescue plant to the quadrat) and cutting 
tiller near enough to the ground level to capture crown material and some roots.  Trim 
excess root growth, as well as any unneeded leaf material.  Tillers are kept on ice to stay 
cool, and taken to Plant Science Building walk-in cooler as soon as possible.  Tillers are 
stored here at 5o C until picked up by lab technician for evaluation. 
 
4 – Sampling for ergot alkaloids 
 Similar to endophyte sampling, only sample consists of green, leafy fescue plant 
material collected in several “grab” type samples from several swards.  “Grab” is 
supposed to resemble a typical “bite” from a horse.  Sample doesn’t need to be large, as 
several will be taken throughout paddock, it only needs to be free of any herbage not 
consistent with fescue leaf material (clover, etc), as these may interfere with laboratory 
machinery.  Approximately a 2” diameter clump of fescue tillers cut at 1 – 1.5” above 
ground will suffice.  One grab sample should be taken at each grid reading, and placed in 
paper bag, then in plastic bag and kept on ice until arrival at Plant Science Lab.  Grab 
Sample in paper bag should be removed from plastic and placed in 50o C drying oven for 
a minimum of 24 hours.  It is essential to keep sample fresh and cool because alkaloid 
start to break down as soon as the sample starts to dry out. 
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Appendix B 
 
Directions for Preparing Plastic Mounting Medium 
 
 Phenol Crystals* 400g 
 Lactic Acid 440 ml 
 Polyvinyl alcohol beads 150 g 
 Distilled water 1120 ml 
 
 Add phenol crystals to lactic acid and stir until dissolved.  Work should be 
performed in a ventilated hood.  Mix polyvinyl alcohol beads with water in a hot water 
bath.  Combine the two solutions and stir while keeping the mixture warm in a hot water 
bath.   
 Applying 6-7 drops of finished solution is usually sufficient to cover a 24 x 30 
mm cover glass area.   
 *Remember to read all warnings for materials before use.  Phenol should be 
handled with extreme caution. 
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Table A.  Botanical composition of paddocks and standard error between seasons during 
Experiment 4. 
 
 
Fall Botanical 
Composition 
Spring Botanical 
Composition 
Variability 
(Standard Error) 
 ------------------------%---------------------  
Paddock 1    
TF 32.4 50.3 5.9607377 
BG 5 4.4 1.3064805 
OG 7.2 20.7 5.1661055 
Oth 55.4 24.7 5.2203307 
Paddock 2    
TF  43.2 59.2 7.4394455 
BG 1.1 20.3 4.7713031 
OG 6.5 14.4 5.1140025 
Oth 49.2 6 5.98107 
Paddock 3    
TF 22.3 32.2 7.6973756 
BG 6.1 22.3 4.2730294 
OG 22.9 31.8 6.7910905 
Oth 48.7 13.8 5.9134296 
Paddock 4    
TF  49.6 65.5 7.0040514 
BG 4.4 18 4.5907549 
OG 5.6 7.9 3.6400219 
Oth 40.3 8.5 4.4497189 
Paddock 5    
TF 70.7 68 6.1985534 
BG 2.4 11.6 2.7726839 
OG 0 14.6 5.3161319 
Oth 27 5.8 3.3074815 
Paddock 6    
TF  17.9 12.9 6.4131418 
BG 12 27.7 4.9269462 
OG 19.8 47.9 5.5812817 
Oth 48.3 11.4 5.3594393 
Paddock 7    
TF 16.2 15.8 6.0655504 
BG 5.9 27.9 4.2525314 
OG 26.9 47 6.1042756 
Oth 51 9.2 5.6117112 
Paddock 8    
TF  16 28.8 6.2652469 
BG 8.4 21.3 3.8397029 
OG 42.7 30.7 8.5925114 
Oth 32.9 19.2 5.057549 
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Table B.  Visual estimation measurements of grazing intensity taken for Experiment 4 (4 
to 7 November 2006).   
4 November 2006        
Quadrat 
Tall 
fescue Removal
Blue-
grass Removal
Orchard- 
grass Removal Weeds Removal
Paddock 1 -----------------------------------------------------%---------------------------------------------------------- 
1 70 10* 10 10   20 10 
2 50 8 10 10   40 8 
3 70 10 5 10   25 10 
4 40 10 25 10   35 10 
5 61 10 9 10   30 10 
6   55 9 30 7 15 9 
7   3 10 75 9 22 9 
8 73 10     27 10 
9 6 10 39 8 35 7 20 8 
10 61 9 9 10   30 9 
Paddock 2         
1 81 9 2 10 7 7 10 9 
2 12 9 45 8 32 9 11 9 
3 75 10 5 10   20 10 
4 71 10 7 10   22 10 
5 28 10 53 10   19 10 
6 89 10 2 10   9 10 
7 50 9 35 10   15 10 
8 17 10 54 10   29 10 
9 38 10 6 10   56 10 
10 45 8 30 7 19 7 6 9 
Paddock 3         
1 27 10 4 10   69 10 
2   12 9 79 9 9 9 
3 75 10 16 10   9 10 
4   20 8 79 6 1 10 
5 19 8 24 8 46 7 11 9 
6 6 10 6 10 79 7 9 10 
7 27 10 64 10   9 10 
8   39 9 39 9 22 10 
9 42 10 16 10   42 10 
10   3 10 68 10 29 10 
Paddock 4         
1 45 7 34 9 5 10 16 9 
2 14 8 32 8 33 7 21 9 
3 74 10 17 10 3 10 6 10 
4 22 8 63 6   15 8 
5 86 10 3 10   11 10 
6 35 10 9 10   56 10 
7 54 10 30 10   16 10 
8 61 10 14 10   25 10 
9 65 7 27 7   8 9 
10 35 8 48 10   17 10 
* Removal = Observed herbage removal (10= no visible removal, 0= complete removal)
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Table B. continued 
4 November 2006               
Orchard-
Quadrat 
Tall 
fescue Removal
Blue-
grass Removal grass Removal Weeds Removal
Paddock 5 -----------------------------------------------------%---------------------------------------------------------- 
1 59 8 27 7   14 9 
2 70 8 21 9   9 10 
3 75 10 8 10   17 10 
4 74 8 6 10   20 10 
5 85 9     15 10 
6 82 10 11 10   7 10 
7 49 10 6 10   45 10 
8 46 10 35 10   19 10 
9 28 8 35 9 19 8 18 9 
10   64 9 28 7 8 10 
Paddock 6         
1   21 10 68 10 11 10 
2   7 10 86 10 7 10 
3   70 10 24 10 6 10 
4   61 10 27 9 12 10 
5 12 10 52 10 17 10 19 10 
6   6 10 87 10 7 10 
7 6 9 61 9 19 8 14 10 
8   32 8 59 8 9 10 
9 49 7   38 8 13 10 
10 34 5 42 8 22 8 2 10 
Paddock 7         
1   4 10 94 10 2 10 
2   42 9 35 9 23 10 
3   46 9 40 8 14 10 
4 21 7 7 10 13 6 59 10 
5 28 6 41 8 23 7 8 10 
6     40 7 60 9 
7 14 10 65 9 12 10 9 10 
8   12 10 76 10 12 10 
9 10 7 4 10 68 8 18 9 
10   37 10 41 10 22 10 
Paddock 8         
1     91 6 9 9 
2   8 10 61 9 31 10 
3 64 10 12 10   24 10 
4     94 10 6 10 
5 58 9 8 10 3 10 31 10 
6   17 10 65 10 18 10 
7 28 10 13 10 40 10 19 10 
8   57 8 38 8 5 10 
9 17 10 56 10 3 10 24 10 
10 7 6 27 10 47 10 19 10 
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Table B. continued 
 
5 November 2006               
Orchard-
Quadrat 
Tall 
fescue Removal
Blue-
grass Removal grass Removal Weeds Removal
Paddock 1 -----------------------------------------------------%----------------------------------------------------------
1 32 9 10 10   58 10 
2 28 7 6 9   66 9 
3 41 9 6 10   53 10 
4 56 7 26 8   18 10 
5 61 7 4 9   35 9 
6 8 10 80 7   12 9 
7 2 10 5 9 71 5 22 10 
8 67 5 15 4 0 0 18 9 
9 26 5 42 7 19 7 13 9 
10 37 9 16 10 6 10 41 10 
Paddock 2         
1 71 10 18 10   11 10 
2 76 5 6 8   18 9 
3 82 9 6 10   12 10 
4 57 8 2 10   41 9 
5 39 10 19 10   42 10 
6 25 10 47 10   28 10 
7 37 8 39 9 7 6 17 10 
8 19 7 38 8 18 5 25 9 
9 40 10 40 10 8 10 12 10 
10 28 6 40 6 16 4 16 7 
Paddock 3         
1 21 7 68 7   11 9 
2 23 10 61 9   16 10 
3 11 10 31 9 27 7 31 9 
4   35 9 51 4 14 10 
5 80 5 3 10   17 9 
6   9 9 82 7 9 10 
7 34 10 26 9 6 10 34 10 
8 11 10 59 10 17 9 13 10 
9 77 10 6 10   17 10 
10   9 10 31 10 60 10 
Paddock 4         
1 67 10 14 10   19 10 
2 32 6 43 8   25 9 
3 59 9 25 9   16 10 
4 44 9 24 10   32 10 
5 82 10 8 10   10 10 
6 69 10 7 10 2 10 22 10 
7 81 7 3 10   16 10 
8 26 8 41 7   33 9 
9 45 5 24 5   31 8 
10 74 7 17 8   9 10 
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Table B. continued 
 
5 November 2006               
Orchard-
Quadrat 
Tall 
fescue Removal
Blue-
grass Removal grass Removal Weeds Removal
Paddock 5 -----------------------------------------------------%----------------------------------------------------------
1 65 7 13 7   22 8 
2 65 8 9 9   26 10 
3 70 9 22 9   8 10 
4 87 10 4 10   9 10 
5 62 8 22 7   16 9 
6 87 10 6 10   7 10 
7 57 7 27 9   16 10 
8   14 8 78 7 8 10 
9 31 10 60 8   9 10 
10 6 9 58 8 31 7 5 10 
Paddock 6         
1 6 10 57 10 31 10 6 10 
2 3 10 58 10 31 10 8 10 
3   56 10 35 10 9 10 
4   53 8 41 8 6 10 
5   53 9 38 8 9 10 
6   86 9 8 6 6 10 
7 8 9 9 10 26 8 57 10 
8 7 10 19 10 41 10 33 10 
9 76 8 2 10 19 7 3 10 
10 47 7 26 8 15 8 12 10 
Paddock 7         
1   67 9 31 8 2 10 
2   31 9 39 8 30 10 
3 3 10 41 9 50 6 6 10 
4 4 7   27 7 69 10 
5 20 6 44 4 25 6 11 9 
6   30 7 40 5 30 10 
7   19 10 62 9 19 10 
8 29 8 31 9 30 8 10 10 
9   63 8 10 9 27 10 
10   11 9 71 8 18 10 
Paddock 8         
1   30 9 61 10 9 10 
2   69 10 17 9 14 10 
3 19 10 67 10   14 10 
4 18 8 59 9 9 6 14 10 
5 57 3 26 10   17 10 
6   18 10 82 10   
7 16 10 3 10 60 7 21 10 
8   34 10 31 7 35 10 
9 11 9 19 8 39 6 31 9 
10   35 9 59 8 6 10 
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Table B. continued 
 
6 November 2006               
Orchard-
Quadrat 
Tall 
fescue Removal
Blue-
grass Removal grass Removal Weeds Removal
Paddock 1 -----------------------------------------------------%----------------------------------------------------------
1 52 4 19 8   29 9 
2 25 4     75 9 
3 49 8 12 10   39 9 
4 44 8 2 10   54 10 
5 68 9 4 9   28 10 
6 39 9 19 10   42 10 
7 17 8 19 9 27 5 37 9 
8 6 10   33 5 61 8 
9 51 6 21 7   28 9 
10 9 4 55 7 4 4 32 7 
Paddock 2         
1 76 8 6 9   18 9 
2 6 8 8 9 22 6 64 9 
3 62 9 7 10   31 10 
4   30 9 29 5 41 8 
5 37 9 27 9   36 9 
6 43 9 39 7   18 10 
7 41 6 4 7   55 10 
8 65 9 7 9   28 10 
9 55 6 4 10   41 10 
10 37 7 46 9   17 10 
Paddock 3         
1 19 7 72 8   9 10 
2 18 10 53 9   29 10 
3   34 9 52 4 14 10 
4 7 9   77 7 16 10 
5     70 6 30 6 
6 6 7   63 6 31 9 
7   7 9 41 6 52 9 
8 45 9 38 10   17 10 
9   59 9 33 6 8 10 
10 31 4 22 9 30 4 17 9 
Paddock 4         
1     57 4 43 9 
2 29 6 26 9 18 6 27 10 
3 47 5 35 8   18 9 
4 38 7 46 8   16 10 
5 82 9     18 10 
6 90 7 2 9   8 10 
7 73 8     27 10 
8 85 7 3 9   12 9 
9 62 8 20 8   18 9 
10 35 8 31 9   34 9 
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Table B. continued 
 
6 November 2006               
Orchard-
Quadrat 
Tall 
fescue Removal
Blue-
grass Removal grass Removal Weeds Removal
Paddock 5 -----------------------------------------------------%----------------------------------------------------------
1 81 8     19 10 
2 77 8     23 9 
3 76 10     24 10 
4 70 8 16 9   14 9 
5 71 6 12 9   17 9 
6 88 10 3 10   9 10 
7 78 7     22 10 
8 13 5 31 7   56 6 
9     62 4 38 9 
10   17 7 42 5 41 8 
Paddock 6         
1 6 6   9 8 85 10 
2   37 9 54 7 9 10 
3 2 10   67 10 31 10 
4   55 10 38 10 7 10 
5   28 10 50 10 22 10 
6 33 7 1 10 16 9 50 10 
7 37 8   19 6 44 10 
8   53 10 35 10 12 10 
9 8 10 58 10 17 10 17 10 
10 10 10 31 9 59 9 0 0 
Paddock 7         
1   2 10 84 8 14 10 
2   29 8 38 9 33 9 
3   53 8 31 6 16 9 
4 20 7 40 9 31 9 9 10 
5     63 9 37 10 
6 18 4 61 9   21 9 
7 19 7 41 8 10 10 30 9 
8 78 8   13 10 9 10 
9   12 10 63 8 25 10 
10 19 7 52 9 12 6 17 9 
Paddock 8         
1 6 10 55 10 12 10 27 10 
2     61 8 39 10 
3   50 10 34 8 16 10 
4     73 6 27 9 
5   46 9 42 8 12 9 
6 27 6 45 9 6 10 22 10 
7 8 8 7 8 81 7 4 9 
8 50 7 19 9   31 10 
9     61 6 39 9 
10 35 7 37 10   28 10 
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